of these successes, a treatment goal of reaching inactive disease now seems realistic. However, inactive disease is still not achieved in a substantial proportion of cases, and current approaches need to be optimized even more. [2] [3] [4] Although factors associated with methotrexate response have been analyzed, factors associated with the effect of etanercept treatment in JIA are still unknown. 7 The ability to identify patients who are more likely to respond to etanercept treatment would be an important step toward tailored patientspecific treatment and subsequently could improve current treatment approaches.
Therefore, the objectives of this study were to evaluate disease activity after etanercept initiation in daily practice, and to identify baseline characteristics associated with etanercept treatment response in JIA patients.
METHODS

Study Design and Participants
Thisstudyispartofamulticenterprospective observational register, the ABC Register, which was founded with the introduction of biologics in 1999 and includes allJIApatientsintheNetherlandswhouse or previously used biological agents.
The study protocol was approved by the medical ethics committee at Erasmus Medical Center Rotterdam and by all participating hospitals. Written informed consent was obtained from parents and from participants older than 12 years. In the register, which became Web based in 2008, patient and disease characteristics are collected at baseline, followed by data collection after 3 months of treatment and yearly thereafter. 8 This includes the variables of the JIA disease activity score (ie, the JIA core set): physician's global assessment of disease activity on a visual analog scale (range, 0-100 mm, 0 best score), the Childhood Health Assessment Questionnaire (CHAQ; range, 0-3, 0 is the best score) by patients or parents, including global assessment of well-being by a visual analog scale, number of active and limited joints, and erythrocyte sedimentation rate (ESR).
In addition to entering follow-up data at 3 months and then yearly, extra data entry times were at the time of any important events including when biologic agents were discontinued, type of biologic agent switched, or when there were safety concerns. On average, 6 data entry points per patient were available.
For this study, we selected all JIA patients in whom etanercept was initiated as the first biologic treatment and who could have had at least 15 months of follow-up. Follow-up data until January 2011 were used.
Response to therapy was assessed using the ACRpedi 30, 50, and 70 criteria. For each variable of the JIA core set improvement from baseline has been expressed as a percentage. The definition of an ACRpedi 30, 50, and 70 response states that there should be at least, depending on the score, 30% or 50% or 70% improvement from baseline in 3 or more variables of the JIA core set, with no more than 1 variable worsening by more than 30%. 9 A modified definition for inactive disease was used and defined as no active arthritis, no systemic features, no uveitis, normal ESR (Յ20 mm/h), and physician's global assessment of disease activity indicating no disease activity (defined as a score Յ10 mm). 10
Factors Associated With Treatment Response
Based on literature, we analyzed the following potential baseline factors for treatment response: sex, age at JIA onset, disease duration until start of etanercept, antinuclear antibody positivity, JIA category (systemic-onset vs all other categories), number of DMARDs (including methotrexate) used before start of etanercept, and, at initiation of etanercept, physician's global assessment of disease activity, CHAQ score, and ESR. Based on the number of patients in the study, we restricted the number of factors and assumed that the number of active joints with arthritis in the physician's global assessment and the number of joints with limited motion in the CHAQ score reflected each other.
An excellent treatment response was defined as achievement of inactive disease after 15 months (range, 12-18 months) of treatment or within this time frame ever discontinuation of etanercept because of disease remission. An intermediate response was defined as achievement of an ACRpedi 50 response after 15 months of treatment, but no inactive disease. A poor response to treatment was defined as no achievement of an ACRpedi 50 response after 15 months of treatment, or within these 15 months ever discontinuing etanercept due to ineffectiveness or adverse events.
Safety Analysis
All infectious and noninfectious adverse events and all serious adverse events were reported by the physician on a continuous basis. Serious adverse events were defined as life-threatening or fatal events, events resulting in persistent or significant disability, events requiring intervention to prevent permanent impairment or damage, congenital anomalies, or hospitalization or prolongation of existing hospitalization. Flaring of JIA was not considered an adverse event but as a measure of treatment response.
We calculated the rate of serious, infectious, and noninfectious adverse events on the basis of the duration of etanercept exposure. We considered recurrent infections as separate events. If noninfectious adverse events were reported repeatedly within the same patient, we counted them only once. Factors to identify patients who experienced adverse events within the first 15 months were analyzed. We also analyzed the number of adverse events between 3 and 15 months of follow-up in those patients using a combination of etanercept and methotrexate and in those using monotherapy etanercept.
cal Package (http://www.r-project .org) was applied to impute missing values of the JIA core sets at observed follow-up times: 13.6% of the JIA core set variables were missing; 4.0% of active and 7.1% of limited joint counts, 7.6% of ESR values, 19.4% of physician's global assessment of disease activity scores, 23.1% of CHAQ scores, 20.6% of global assessment of well-being scores were missing; and per core set median of 0 (interquartile range [IQR], 0-1) variables were missing.
Descriptive statistics were reported as absolute frequencies or as median values with IQR. Depending on the variable tested, the Mann-Whitney U test and the Pearson 2 test were used to perform comparisons. Univariable and multivariable logistic regression analyses were performed to identify potential baseline factors associated with achieved treatment response (comparing excellent response vs poor and intermediate response combined and comparing poor response vs intermediate and excellent responses combined). To identify patients who experienced adverse events within the first 15 months, a multivariable logistic regression analysis for binary outcome was performed. Results are presented as adjusted odds ratios (OR; the OR for each covariate was adjusted for the effects of the other covariates) with 95% confidence intervals; P values were calculated with the Wald test.
We also conducted secondary analyses of longer-term outcomes. Adherence to etanercept was estimated with Kaplan-Meier plots (truncated until at least 10% of the original population was in follow-up) and differences between the systemic-onset JIA and all other JIA categories (ie, nonsystemic categories) were defined by the log-rank test. To account for correlations between repeated measurements and missing follow-up times generalized linear mixed models for binary response data (according to the GLIMMIX procedure) were used to perform the long-term effectiveness analyses.
All reported P values were based on 2-sided tests for significance, and P values Ͻ.05 were considered statistically significant. SPSS version 17.0.1, R statistical package 2.12.1, and SAS version 9.2 were used for the analyses.
RESULTS
Patient Characteristics and Medications
A total of 262 previously biologically naive JIA patients who started etanercept were included in the analysis. 
Adverse Events During First 15 Months
Within the first 15 months of treatment, 119 patients experienced 1 or more adverse event (infectious, noninfectious, or serious; including 37 patients with an excellent response, 36 with an intermediateresponse,and46withapoorresponse) and 53 patients reported at least 1 infectious adverse event or an infectious serious adverse event. These patients could not be identified beforehand with regard to antinuclear antibody status, JIA category, disease duration, and concomitant drugs used ( 
Longer-term Follow-up
In the long-term, for patients with an excellent response after 15 months, mean drug survival (ie, mean duration from start until first discontinuation due to ineffectiveness or adverse events) was 49.2 months (95% CI, 46.4-52.0) vs 17.4 months (95% CI, 13.6-21.2) for patients with a poor response. TABLE 4 shows the response to treatment following introduction of etanercept over a 7-year follow-up period on the basis of intention-to-treat (ie, regardless of discontinuations of etanercept or switching to other treatments). By 51 months of treatment, 94% (95% CI, 89%-98%) of the patients reached an ACRpedi 50 response, 76% (95% CI, 65%-87%) an ACRpedi 70 response, and 40% (95% CI, 26%-54%) inactive disease.
Adherence to etanercept for different JIA categories is shown in the FIGURE. In adult patients with rheumatoid arthritis, many studies showed an association between lower disability scores and fewer DMARDs used before etanercept and good responses to etanercept. [11] [12] [13] [14] [15] [16] The Pediatric Rheumatology International Trials Organisation (PRINTO) 7 group analyzed factors associated with poor response to methotrexate treatment in JIA patients and found, among others, an association with longer disease duration and higher CHAQ scores. These results seem to indicate that longer disease duration with more disability is associated with a worse response, indicating a window of opportunity. The observation that the achievement of better outcomes was related with earlier treatment introduc-tion has been reported previously for methotrexate and sulfasalazine. 5, 6 In this study, the strongest association with a poor response to etanercept was the systemic-onset JIA. Systemic-onset JIA patients had 3-times higher odds to achieve a poor treatment outcome compared with the nonsystemic JIA categories and more systemic-onset JIA patients discontinued etanercept over time. This negative relation with the systemic-onset JIA was expected because it is the most therapyresistant JIA category. However, 11 of 46 patients (24%) with systemiconset JIA included were excellent responders after 15 months of treatment. Surprisingly, the PRINTO group found no association between poor methotrexate response and systemiconset JIA, although 14% of their JIA patients had the systemic-onset JIA. 7 Our results for less favorable treatment response are consistent with 2 recent studies, both reporting on the association between discontinuation of etanercept due to ineffectiveness and systemic-onset JIA. 17, 18 Results of observational studies with anakinra, an IL-1-receptor antagonist, are promising. [19] [20] [21] The ACR recommends anakinra for systemic-onset JIA with active systemic features, and equally etanercept or anakinra for systemic-onset JIA with active arthritis. 22 Also, our results indicate that some systemic JIA patients do A poor etanercept treatment response was also associated with female sex and an excellent response with younger age at onset. It is known that the female sex is associated with worse response for both JIA patients and rheumatoid arthritis patients. This prognostic factor is probably related to the different JIA categories that also reflect different prognosis.
We also found a possible association between concomitant methotrexate use within the first 15 months of treatment and more infectious adverse events; however, this was of borderline significance. At baseline, we were unable to identify patients who were prone to develop adverse events within the first 15 months of treatment. Therefore, the treating physician should always be alert for the development of possible adverse events.
In a secondary analysis of longer-term follow-up, this national observational cohort study shows that, 4 to 7 years after initiation of etanercept, in daily practice, a range of 37% to 49% of the patients had achieved inactive disease. Although of these patients with years of follow-up afteretanerceptinitiation,lessthanone-third was considered an excellent responder af-ter15months.Besidesoptimizationofthe different treatment approaches, the duration of etanercept treatment needs to be optimized. Although a range of 37% to 49% of the patients reached inactive disease, only 39 of the 262 patients (15%) tried to discontinue etanercept. Of these 39 patients, 15 relapsed and needed to restartetanercept.Thisrelapserateafterdiscontinuation (38%) is relatively low compared with studies that reported relapse ratesof47%to80%. 18, 23, 24 Theoptimaldurationofinactivediseaseafterwhichwithdrawal of etanercept can be considered is not yet determined.
In the present patient cohort, etanercept was well tolerated. The safety pro-files (0.05 serious adverse events per patient-year) are comparable with the open-label extension trial data (0.12 serious adverse events per patient-year), and with the German JIA register (0.02 serious adverse events per patient-year). 2, 3 Safety of etanercept and other biologic agents remains an important topic. Until now, no malignancies have been reported in our register, which currently covers a total of 881.4 patient-years of follow-up since introduction of etanercept.
The main strength of the ABC register is that, since the introduction of etanercept in 1999, all JIA patients who initiated etanercept in the Netherlands are included and no selection bias occurred. However, because of the observational study design, reflecting a real-life setting, the choice of treatment is subject to the knowledge of the treating physicians, and differences in approach are known to exist. Furthermore, treatment strategies have changed over recent years. Since our registry covers more than a decade of treatment with etanercept, our study population is also likely to have changed over these years. This study design that requires physicians to record all patients for many years during daily practice increased the risk for missing values. In total 13.6% of the variables of the JIA core set were missing with a median of 0 per core set. Furthermore, detailed information on the used concomitant medications in the period between the yearly follow-up moments is lacking.
A major limitation of this study is the lack of a control group. In fact, none of the above-mentioned studies analyzing baseline factors associated with treatment response (including this study) included a control group. It remains unknown whether patients with a poor response to etanercept would have responded better to other treatment options. Therefore, our findings (and those of previous studies) mainly reflect overall prognostic factors than predictive factors for etanercept treatment in particular. Head-to-head trials comparing different biologic agents are still lacking for JIA; these are urgently needed, as are randomized controlled trials for dif- The event is defined as the first time a patient discontinued use of etanercept due to inefficacy, adverse events, or nonadherence. Censoring is defined as the time a patient discontinued because of remission or end of follow-up (to adult care), which is represented by the small vertical lines on the curves. Restart of etanercept is not taken into account. The number at risk are patients with systemic onset of juvenile idiopathic arthritis ( JIA), polyarticular JIA (rheumatoid factor positive and negative), oligoarticular JIA (persistent and extended), who were still receiving etanercept at the different time points is shown. For systemic-onset JIA the median adherence to etanercept was 29.0 months (95% CI, 11.0-47.0). For nonsystemic JIA categories, the median adherence was 76.8 months (95% CI, 45.7-108.0). Log-rank test compares the drug survival difference between systemic-onset and nonsystemic categories. ferent treatment strategies. Furthermore, more research on immunological and genetic parameters is needed to improve treatment prediction and tailored patient care.
In conclusion, 15 months after initiation of etanercept, one-third of the JIA patients achieved an excellent response, one-third an intermediate response, and one-third a poor response. An excellent treatment response was associated with low baseline disability scores, low number of DMARDs used before etanercept introduction, and younger age at onset of JIA, whereas a poor response was associated with systemic JIA and female sex.
